In an epidemic situation or large-scale disaster, medical and human resources may be stretched to the point of exhaustion. Appropriate planning must incorporate plans of action that minimize public health morbidity and mortality while maximizing the appropriate use of medical and human healthcare resources. While the current novel H1N1 influenza has spread throughout the world, the severity of this strain of influenza appears to be relatively less virulent and lethal compared to the 1918 influenza pandemic. However, the presence of this new influenza strain has reignited interest in pandemic planning.
Introduction
During an epidemic or disaster, medical and human resources may be stretched to the point of exhaustion. The current concern of a pandemic influenza crisis has each country reviewing plans of action that would minimize public health morbidity and mortality, and maximize the appropriate use of medical and human healthcare resources.
A major limitation in an influenza epidemic would be the availability of mechanical ventilators. Recent cases of avian influenza suggest that mechanical ventilation will be required for the successful recovery of some individuals who are ill with this strain of virus. No one can predict accurately what the demand for advanced ventilatory care will be. Several models have estimated the need through computer simulation based on the current understanding of influenza and statistical data. 1, 2 In a 12 March 2006 New York Times article, Donald G. McNeil, Jr. reports that the United States has roughly 105,000 ventilators, and that during a typical influenza season, about 100,000 are in use. 3 It is estimated that if the US were to experience an influenza pandemic, as many as 742,500 ventilators would be needed. The federal government has a stockpile of 4,000-5,000 ventilators for such an emergency, well short of the projected need. Rationing of Resources resources based on defined clinical guidelines that also is transparent to the public, reflects this principle.
Utilitarian Theory and Triage
The general principles of triage draw from utilitarian principles, which simply entail the "greatest good to the greatest number". In essence, it is a policy in which all individuals are assessed with the overall goal of using the resources available for those who are most likely to benefit from the care. For example, under the guidance of utility, it would be acceptable to provide comfort care measures only to those victims who are assessed as unlikely to benefit from aggressive medical care. By doing so, scarce resources would be available for use by those who would benefit, thus allowing the greatest number to have the best chance for survival.
Triage provides the means to form an ethical framework to help make fair and just clinical decisions during difficult times. The term itself means "to set priorities of medical treatment to casualties on the basis of urgency or the chance for survival". 9 One of the best examples of the practice of utilitarian theory is the concept of mass-casualty disaster triage. "Disaster medical triage is a dynamic process occurring at several levels in the system to rapidly identify patients with critical injuries from the total number of presenting casualties. Traditionally, triage systems have attempted to sort victims into categories to determine treatment and transport priorities. Triage in a disaster is neither perfect nor democratic…however, triage improves outcome". 9 Clinical Model for Decision-Making: Allocation of Mechanical Ventilators in a Disaster/Pandemic Situation This clinical model is based on the two principles of bioethics described previously, beneficence and justice, and utilizes the concepts of triage. Because the severity of pandemic influenza potentially is devastating and non-discriminatory, this issue must be addressed in a way that is as fair and as consistent as is possible. Thus, the "fair process approach" from the [US] Centers for Disease Control and Prevention (CDC) was adopted in creating a model that adheres to procedural justice. 10 This model aims to enforce: (1) consistent application of guidelines, treating all cases alike and minimizing individual interpretation; (2) impartiality and neutrality of decision-makers; (3) incorporation of current accepted medical practice criteria; (4) respect and dignity in the treatment of all patients; (5) allowance of an appeal process; (6) transparency of the criteria/guidelines; and (7) a dynamic process that encourages constant review of practices and allows for adaptation as warranted by new information or technology. These parameters are reflected in the seven-component decision-making model ( Table 1) .
Formation of a Pandemic Triage Committee
The decision to initiate, continue, or remove mechanical support should not be made solely by the caring physician. The formation of a Pandemic Triage Committee would serve two purposes: (1) the committee would be a neutral and impartial entity serving as the supervising body when a medical center faces resource allocation decisions; and (2) the committee would regularly review current advances and decisions within state, federal, and international organizaShould the need for ventilators exceed the number of available machines, healthcare providers will face difficult ethical decisions regarding who should be placed or who should remain on these machines as more influenza patients arrive in need of ventilatory support. Is there an ethical decision-making model that can assist providers in making difficult choices as resources become limited? (6) disasters. In addition, several other plans were reviewed that had incorporated pandemic resource allocation. [4] [5] [6] [7] Utilizing the concepts and constructs extracted from the review of literature and data, a plan was presented to provide a clinical decision-making model for the hospital. While the proposed plan is institution-based, the authors emphasize the importance of the expansion or inclusion of this type of plan into larger citywide, statewide, or national efforts. No one institution can realistically accommodate the potential magnitude of need without the cooperation from larger entities.
Methods

Background on Ethical Principles
This model is based upon the bioethical principles of beneficence and justice. It begins with triage and progresses into an algorithm based upon utilitarian principles.
Beneficence
The ethical principle of beneficence implies that all actions are intended to benefit the patients. Often, this medical benefit falls within an individual context. However, in a large-scale disaster situation, such as an epidemic or a pandemic, the individual is treated in a public health context in which beneficence must balance between the individual and the group of individuals who also have been affected (group/community/public). This principle assumes that there is a moral obligation that providers act for the benefit of others. 8 During an epidemic/pandemic situation, providers act in a way that ultimately benefits all of the affected people. It is this principle that warrants the just allocation of scarce resources such as mechanical ventilators.
Justice
According to the Principles of Biomedical Ethics, justice may be defined as "fair, equitable, and appropriate treatment in light of what is due or owed to persons". More specifically, distributive justice "refers to fair, equitable, and appropriate distribution determined by justified norms that structure the terms of social cooperation". 8 It is the principle of distributive justice that would apply during a pandemic. With respect to healthcare services and equipment in a disaster, distributive justice can guide the decision-making process of providers. This creation of a decision model for the allocation of scarce medical tocols, they are similar in structure and reasoning and build upon each other. Several of their concepts and constructs are incorporated into the pandemic triage protocol. Clinical criteria concepts also were drawn from other existing sources, i.e., the critical care, military and mass-casualty triage, and transplantation literature.
Initiation of mechanical ventilation in light of a limited number of ventilators is difficult. However, the most difficult decision in addressing the allocation of mechanical ventilators is the decision to remove a patient from a ventilator in order use it for someone else that might benefit more from mechanical ventilation. The distinction between the two is not insignificant and can have great implications for family and care providers. In this protocol, an effort is made to try to maintain equivalent and parallel application between initiation and withdrawal of support.
The pandemic triage protocol has three levels that correspond to the degree of pandemic crisis: (1) Level 1-where a pandemic is present but resources are not exhausted; (2) Level 2-where a pandemic is present and resources are at capacity; and (3) Level 3-where a pandemic is present and resources are over capacity. Within each of these three levels, there are three sections: (1) inclusion criteria; (2) exclusion criteria; and (3) objective score criteria. Exclusion criteria are subdivided further into "firm" and "relative" exclusion criteria (Table 2) .
Inclusion Criteria-Any patient with ventilatory failure requiring ventilatory support, regardless of the etiology, is tions relating to limited resource allocation and care protocols, and recommend adaptations as warranted by new information. Ideally, this committee is comprised of members representing impacted clinical units, including representatives from respiratory services, critical care services, emergency care services, infectious disease, ethics, and pastoral care. When needed, the group would consult community members and politicians.
Phased Allocation of Resources
The rationale behind phased allocation of resources is to maximize the utility of hospital resources as dictated by the nature and severity of the situation. When facing an influx of patients requiring advanced ventilatory support, the first stage of addressing the increasing demand should be a review of the use of the current ventilators. A detailed review of all patients on ventilatory support and their need for ventilation or expected duration of ventilatory support should be implemented. Also, cancellation of elective procedures that would require or anticipate prolonged ventilatory support should be considered. At this point, an inventory of available ventilators within the medical center and from vendors should be performed to anticipate need and limitations.
Clinical Evaluation
Several triage protocols have been proposed that address the clinical evaluation of patients with influenza. [4] [5] [6] [7] While there is some variation in the content of each of these pro- Objective Score Criteria-The SOFA is an objective tool used by critical care specialists to predict outcome. It is calculated at defined intervals and can help to estimate mortality risk. It has been utilized in the aforementioned state health plans, and is incorporated here. A patient who has a SOFA score >11 on initial assessments has an associated mortality of >90%. Mean and highest SOFA scores particularly are useful predictors of outcome. Independent of the initial score, an increase in SOFA score during the first 48 hours in the intensive care unit predicts a mortality rate of at least 50%. 11 The protocol is dynamic in that it is applied to track progress of each patient requiring ventilatory support on a recurring basis. A critical care, color-coded triage tool (adopted from the Ontario Health Plan for an Influenza Pandemic (OHPIP)) is used to summarize the data from exclusion criteria and SOFA scoring and used to determine the level of care provided. This tool is applied at regular intervals: initial, 48 hour, and 120 hour assessments (Table 4) . 7 Critical Care Assessment Checklist A critical care assessment checklist is an easily accessible, one-page document placed in the front of a patient chart that allows decision-makers to view objective parameters and track the involvement of other key services, i.e., social work and patient care services. This document facilitates the monitoring of patients under critical care or ventilatory treatment primarily with respect to those with an infectious-or pandemic-related disease (Figure 1 ).
Palliative Care Protocol
Ethical obligation stipulates that healthcare providers must try to be of benefit and to provide just allocation of resources. When the application of mechanical ventilation becomes medically futile, the obligation to apply its use is replaced by an obligation to provide comfort and dignity to those dying.
The clinical decision model includes provisions for palliative care for those that initially do not qualify for critical care allocation and for those that no longer may qualify for any reason. This is an extremely sensitive component, as either scenario may invoke strong emotions from family members and loved ones. Respect and dignity of the patient are of utmost importance in this setting. Provision for sedation and pain control for those that do not fit into the critical care allocation is necessary. Selection of medications will depend upon existing pain and sedation protocols that already may exist in an institution.
Other considerations include the use of alternative means of ventilation or supplemental oxygen. Any of the above decisions are made in accordance with the wishes of the patient and/or family and knowledge of a palliative care protocol is introduced to the family early in the care of the patient.
Appeals Process
While the protocol is designed to eliminate individual variation of practice in determining who should or should not receive mechanical ventilation, the aforementioned Pandemic Triage Committee (PTC) can and should delibconsidered in the protocol. Because non-influenza or infectious patients also may present at any time, they cannot be excluded from consideration for mechanical ventilation.
Exclusion Criteria-There are three basic categories of exclusion criteria:
1. Patients presenting with severe disease with poor prognosis and/or high mortality despite aggressive critical care treatment; 2. Patients with overwhelming care requirements that will exhaust the ability of the critical care unit during a pandemic situation; and 3. Patients with pre-existing, advanced medical illnesses with a poor prognosis and high short-term mortality despite the current, severe illness requiring critical care.
The first category is considered firm exclusion criteria. These patients are excluded from further intervention because their chance of survival is extremely poor despite any treatment. These are patients presenting with severe trauma, such as severe burns quantified as >40% body surface area and/or severe inhalation injury, cardiac arrest that either is unwitnessed or witnessed without any response or recurrent need for resuscitation; a calculated sequential organ failure assessment (SOFA) >11 (to be discussed), or failure of more than four organ systems. The latter two categories are considered relative criteria. They are activated as the degree of a pandemic increases. Under normal circumstances, patients in these categories likely would receive critical care, but as resources become more limited, further scrutinization of patients is required. Pre-existing conditions that have implications for survival become a factor in deciding the best use of limited resources. These are defined by measures of organ function or associated prognosis of disease (Table 2) .
Patients who may require exhaustive resources for treatment under normal circumstances would be excluded if the same amount of resources would be available to treat more people. For example, a patient requiring multiple transfusions might be excluded if the same amount of blood required to treat the one patient could treat 10 people that require fewer units of blood per person. This concept is drawn from a military practice called minimal qualifications for survival (MQS). 5 Age is not specifically incorporated within the exclusion criteria. Many of the co-morbidities are associated with increased age. However, age itself does not 
Early Family Involvement
In the event of a pandemic, during which hospital resources are limited to a point requiring allocation, the family of a sick patient must be aware of the protocol that is in effect to minimize potential conflict or misinterpretation of the provision of care. Early family involvement engages the family into the clinical decision model from the beginning.The components of the decision model, including criteria, should be made available to family members in a written document on or soon after presentation or admission. Transparency of the criteria and guidelines is important, and regular discussion of care with family in a pandemic situation is essential to ensuring that patients and families understand the management constraints. To help to address concerns raised by the pandemic triage protocol, a chaplain and social workers are enlisted for proactive and early involvement. erate and allow for appeals if there are outstanding issues raised by family or clinical providers. Deviation from the guideline is not permitted. However, there may be some unforeseen conflict or issue that may arise that would enlist arbitration by the PTC. It is anticipated that most cases will be unique; hence, there is no formal written protocol. Once an appeal is filed, a few steps must be followed to ensure fairness: (1) obtain information from the patient's care providers and family through interviews; (2) review the existing written guidelines; (3) review the current treatment modalities and outcomes at both the institution and externally; and (4) reassess the patient's clinical health status. Only after these steps have been followed can the PTC make any determination about the initial decision to withhold or withdrawal mechanical ventilation. 
Discussion
Today medicine practiced in the US is individualistic as opposed to looking at healthcare resources in the aggregate. The current system encourages using the most technology available for each individual patient, simply because there often is no reason not to. However, in order to plan for a pandemic situation, healthcare providers, as well as the
The idea of transparency is essential to the ethical ideal of fidelity or trust. If the public is to trust that those who are caring for them in time of need are going to do so according to a well-prepared and just plan, the public must be informed of what the plan is, how the decision-making model was created, and how and when it is executed. Enlisting the aid of the government and the media is important. 
